. We also excluded all human genes with the labels "hypothetical" or "predicted" in the defline of the GenBank-derived fasta file. For the D. melanogaster and C. elegans genomes, we kept only those genes that showed >95% sequence identity over >90% of the length of the best nucleotide BLAST [3] hit with complete mRNAs sequenced from the same species. We were more stringent with the quality control of human gene annotations because of the substantially longer intron and spacer sequences found in the human genome compared to D. melanogaster and C. elegans. The mRNAs were obtained from GenBank with the Entrez retrieval system [1], using the species names and "complete" as key
words and setting the limits option to mRNA molecules. Because annotation of the C. briggsae genome was the least reliable, we required that all C. briggsae genes have significant BLAST hits to protein sequences from the final set of C. elegans genes. In addition, all cases of nested gene evolution involving C. briggsae gene annotations were checked manually against C. elegans annotations using the BLAT program [4] on the UCSC genome browser [5] .
Comparative genomic analysis of nested gene structures
Genes that passed the above inclusion criteria were compared to the genomes of sister species and outgroups. We used the protein BLAT alignment tool on the UCSC genome browser, as well as the TBLASTN program [3] , to compare protein sequences of internal and external genes to complete genomes. If an ortholog for an internal gene was not identified using either of these two methods, a TBLASN search was performed against the orthologous intron from the external gene. Thus, in order to classify a nested gene structure as having been gained or lost in evolution, we required that both the internal and external genes be found in the sister species and an outgroup. It is easier to find an internal gene within the orthologous intron of an external gene in an outgroup, which was our expectation for an evolutionary loss, than it is to find it in the entire genome of the outgroup, which was the requirement for an evolutionary gain ( Figure 1 ). Thus, our approach was conservative and could have slightly biased the results in favor of discovery of evolutionary losses. Also, the requirement of finding both genes in both genomes prevented us from misidentifying as evolutionary events genes that are absent due to incomplete genome sequences. For vertebrates, an additional method was employed to analyze the evolution of nested gene structures. Alignments of regions in the sister and outgroup species orthologous to the nested gene pair were constructed using OWEN [6] . We began all alignments with a strict requirement of 16 successive matches and p < 10 -8 and progressively relaxed these parameters to 8 successive matches and p < 0.01, using the greedy algorithm to resolve any conflicts. Presence or absence of an internal gene in the orthologous external gene was judged based on the quality of the alignment. A gap in the alignment opposite the entire span of an internal gene in human indicated the absence of the internal gene in that genome. Both methods yielded the same results, with the exception of 5 cases, which are candidates for de novo gene creation. Candidate de novo genes were identified when both TBLASTN and BLAT revealed no sequence similarity of an internal gene in a sister species. We did not apply the latter method to invertebrate genomes due to the higher degree of their divergence, which also prevented us from performing a systematic analysis of the modes of internal gene evolution in invertebrates.
Analysis of gene expression
Human gene expression data were obtained from [7] , which included 73 healthy human tissues measured on the HG-U133A Affymetrix array. We computed the correlation of mean levels of expression of internal and external genes for 109 nested genes in humans. We next identified all adjacent pairs of RefSeq annotated genes in the human genome and randomly selected 109 such pairs 1000 times. We than compared the correlation coefficient of the 109 nested genes to the average correlation coefficient of the 1000 trials of 109 adjacent pairs. We employed the same statistical approach for D. melanogaster gene expression analysis. Gene expression data was obtained from [8] , which included 11 different tissues measured on the GeneChip Drosphila 
Estimating the rate of nested gene evolution
Of the 128 definite nested gene structures in the human lineage, we identified 55 that emerged after the divergence of human and zebrafish lineages ~450 million years ago [9] . Assuming that pseudoobscura ~55 million years ago [10] , indicating a rate of ~0.9 gains per million years. Our analysis of the C. elegans genome was more restricted due to large distances between the C.
elegans, C. briggsae, and Pristionchus pacificus genomes. Because we never considered cases where sequence similarity was not high enough to determine orthology, we described only a handful of cases of nested gene evolution. Nevertheless, an approximation was still possible due to the total number of nested genes showing a high enough sequence similarity between C.
elegans, C. briggsae, and P. pacificus genomes. Of the 440 total C. elegans internal genes, exactly one half (220) were found in C. briggsae and P. pacificus, 11 of which were gains. Thus, the overall rate of nested gene gain was 22 per ~100 million years of evolution separating C.
elegans and C. briggsae [11] , or ~0.2 per million years.
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